Since the discovery of the first bacteriophage by d'Herelle in 1916 there have been isolated many races virulent for a wide variety of bacteria. It is an interesting fact, however, that of the organisms for which specific races of bacteriophage havebeen found almost all are non-sporulating. d'Herelle (1926) himself mentions the discovery of a bacteriophage for B. subtilis, but reports no study of it. Koser (1926-27) isolated one for a thermophilic spore-forming rod, but was interested in it chiefly from the temperature standpoint. More recently Adant (1928) has described a bacteriophage active against several strains of B. .subtilis.
In view of this scarcity of information about bacteriophagy among spore-forming organisms, and since a study of this problem might conceivably throw new light on the lytic process and, perhaps, upon sporulation as well, it seemed of interest to attempt some investigations in this field. This paper is concerned with a description of two lytic principles active against B. megatherium, a common aerobic spore-former.
B. megatherium was selected for study because, in contrast to most similar organisms, it grows with diffuse turbidity in broth and develops on agar with a relatively homogeneous growth which is easily emulsified. Moreover, it is one of the largest of the bacteria, and as such lends itself especially readily to microscopic observation, even In all routine work young organisms from an eighteen-to twenty-four-hour agar slant were used. The culture media regularly employed consisted of alkaline extract broth, pH 7.8, and nutrient extract agar of pH 7.0. Filtrations were made through L5 Chamberland candles, and all cultures and culturephage mixtures were incubated at 30°C.
ISOLATION OF LYTIC PRINCIPLES
Sewage was used as a possible source of lytic principles. This was first filtered through paper to remove the coarser particles, and then 90 cc. of this filtrate were added to 10 cc. of broth made up in ten-fold strength. The reaction of the mixture was tested and, when necessary, sufficient N/10 sodium hydroxide was added to bring the pH to about 7.6, after which the material was passed through a candle. Ten cubic centimeter amounts of this clear filtrate broth were inoculated with enough young megatherium organisms to produce distinct turbidity, and the culture was incubated. Control broth cultures of the same turbidity were prepared each time, in order that any differences in growth might be observed. After twenty-four hours the sewage-culture mixture was filtered, and the filtrate inoculated and incubated. This process was repeated dafily, with the addition of sterile broth when needed to replace the loss in filtration. The first three passages showed no difference in turbidity from that of the controls, nor did 0.1 cc. amounts of the filtrate spread over heavily seeded agar plates give visible plaque formation. The fourth transfer, however, seemed slightly less cloudy than the control, and on plates the filtrate from this transfer showed many areas somewhat more translucent than the body of the culture. Successive passages resulted in the rapid development of lytic power, and the tenth filtrate produced complete clearing of broth suspensions in a dilution of 10-6, as well as,-in proper dilution,-clearly defined plaques on agar.
By the use of the same method, there was obtained from another sample of sewage, several months later, a second lytic filtrate.
It may be mentioned that twenty successive passages in which B. megatherium was grown in its own broth culture filtrates failed to show the development of any lytic principle whatsoever. Most of the criticisms directed against experiments which have apparently shown the "spontaneous generation" of bacteriophage have stressed the fact that the original culture perhaps contained a minimum amount of the latent principle. By using spores heated at 90°C. for fifteen minutes, as was done in this case, any bacteriophage present was inactivated, and this criticism could be avoided.
The two lytic filtrates seemed to be essentially alike. young megatherium organisms, and in the other so few spores that no turbidity is produced, and then incubated, they will present the same appearance. In the first case the turbidity will have disappeared in the first six tubes (10-6), for instance, although persisting in the last tubes, while in the second case the first six tubes will remain clear, as the bacteriophage has inhibited the development of the spores, and growth will have occurred in the others. This aspect of the problem will receive further study. As has been mentioned,> the large size of B. megatherium facilitates microscopic study and, hence, permits the lytic process to be followed more readily than is possible with the smaller bacteria which have heretofore been used.
In preliminary experiments the ordinary hanging drop was tried, but the active motility of the organism rendered this method unsatisfactory. As a substitute the following technic was employed. A drop of melted agar is spread over the surface of a sterile cover-slip and allowed to harden. A small amount of broth containing both megatherium cells and bacteriophage is next placed on the agar and dried. The cover-slip is then inverted on a concave slide and sealed with vaseline, after which the slide is placed on the warm stage under the 4 mm. objective of a microscope.
When a suitable field, containing perhaps a dozen or more cells, is found, it is charted on paper for easy reference and then observed at intervals until growth is apparent. This occurs, as a rule, in from one to three hours, and at about the same timelysis may be seen. Generally lysis is not evident before actual cell division has been noticed, although at times a single organism may vanish before there has been any apparent growth. The dissolution of the bacteria is not instantaneous. Instead, the organism seems to become more and more transparent, it cannot be focused sharply, and, finally, in from five to ten seconds after the first change has been noticed, it fades away entirely. There is no apparent gradual decrease in size such as exists when a substance dissolves, and there is no visible residue, although occasionally there may be seen, occupying the site of the cell, a faint shadow which usually vanishes within a few minutes. It is worthy of note that in numerous observations of the lysis of B. megatherium there has never been seen any swelling or rupture such as have been reported with other bacteria.
The following observations, typical of many others, may be briefly described. A single organism was watched while it grew into a chain of three. An end cell of this chain underwent lysis, but the two remaining cells continued to divide, growing over the spot previously occupied by the cell which had vanished. When this chain had grown to comprise five cells it broke apart and at length another end cell disappeared, twenty-five minutes after the first had gone. The end cells need not be the first affected however. A chain of four or more may undergo lysis as a whole, or the middle one of a series may succumb. Sometimes one cell of a pair will disappear, while the other will resist the lytic action for many minutes. Frequently a typical raft of many cells will develop, only to undergo lysis eventually, both from within and without.
A preparation in which bacteriophage was acting on organisms from a four-day agar culture contained many cells which failed to grow. Some of these seemed to be susceptible to the lytic agent, but required periods of several minutes to an hour between the initial change and final dissolution. Heat killed organisms were observed for twenty-four hours without the appearance of any lysis.
All of these facts are quite in accord with the usual statements that the most actively growing organisms are the most susceptible to the bacteriophage, while old cells are less so, and dead cells, except perhaps in the presence of living ones, are not affected at all.
SUMMARY
The isolation of two bacteriophages specific for B. megatherium, a common aerobic spore-forming orgam, is described. Various strains of this organism, seven in number, obtained from different sources, were susceptible to the lytic action.
Each bacteriophage contained two principles, one of which was characterized by the ability to diffuse from the initial plaque and cause changes in the surrounding culture.
Spores seem to be resistant to the action of the bacteriophage, but are inhibited from developing by its presence.
The lytic principles were destroyed by exposure to a temperature of 750C. for ten minutes, and could in this way be eliminated from cultures containing organisms in the spore stage.
The lytic process as seen under the microscope is described. B. megatherium does not, apparently, swell or burst in lysis but rather fades from view.
